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Hydraulic  Models 
Navigation  Locke 
Lower  Cranlte  Lock 


The  Lower  Cranlte  navigation  lock  la  designed  for  maximum,  average,  and  minimum 
lifts  of  10},  100,  and  87  ft,  respectively.  The  filling  and  emptying  eye tame 
are  dynamically  balanced  hydraulic  systems  that  Include  a  unique  arrangement  of 
eight  longitudinal  floor  culverts  symmetrically  placed  around  the  canter  of  the 
86-  by  67}-ft  lock  chamber.  Portions  of  the  forebay  and  tailrace,  two  adjacent 
spillway  bays,  and  elements  of  the  lock  chamber  and  hydraulic  system  were 
reproduced  In  a  1: 25-scale  model.  Tests  of  the  proposed  system  Indicated  that  - 


I  tea  20.  (Continued) 

turbulence  end  longitudinal  hawser  forces  on  barge  tone  In  the  lock  chaaber  were 
excessive  with  a  6.0-aln  valve  echedule  at  the  deelgn  head  of  10S  ft.  Pressures 
on  the  culvert  roofs  downstreaa  froa  the  filling  valvee  were  satisfactory  when 
both  valves  were  operated.  With  one  valve,  the  alnlaua  lnstantaneoua  preasure 
was  -19  ft  of  water.  Revised  ports  and  baffles  along  the  walla  and  over  the 
ports  were  developed  to  reduce  turbulence  In  the  l»  ck.  Average  aaxlnua  hawser 
forces  of  6.2  tons  on  an  eight-barge,  9-ft-draft  tow  and  9.9  tons  on  a  four- 
barge  tow  In  the  original  design  lock  were  reduced  to  1.6  and  1.7  tons, 
respectively.  In  the  final  design.  A  filling  tlae  of  9.8  aln  was  obtained  with 
a  1.11-aln  valve  period  and  still  Maintained  acceptable  flow  conditions, 
pressures,  and  hawser  forces.  Conditions  were  satisfactory  when  the  lock  was 
eaptled  In  11. 5  aln  with  two  3,03-ain  valves  and  an  eight-barge  tow.  Air 
entraining  vortexes  over  the  lil^akc  Manifolds  should  not  occur  unless  the  left 
filling  valve  only  la  used  when  the  Initial  head  Is  105  ft  and  flow  In  adjacent 
spillway  bays  la  Mote  than  6,000  gfs  per  bay  or  when  the  Initial  head  la  87  ft 
and  spillway  flow  la  slightly  less  than  6,000  cfs  per  bay.  The  12-ft-wide 
culverts  Increased  In  height  froM  16  ft  near  the  filling  valves  to  22  ft  In  a 
distance  of  76  ft.  A  low  average  pressure  of  -5  ft  on  the  culvert  roofs 
downstreaM  f row  the  filling  valves  was  desired  to  provide  a  continuous  flow  of 
air  through  the  air  vents  and  to  prevent  pressure  reversals  that  wight  cause 
objectionable  noises  during  filling.  Low  average  pressures  of  6,  -6,  and  -11  ft 
of  water  were  Measured  when  the  right  culvert  transition  was  Moved  downstreaw 
25,  57,  and  76  ft,  respectively  (two  1. 11-win  valves,  initial  head  105  ft). 
Pressures  were  within  the  range  of  cavitation  when  a  single  (right)  valve  was 
tested  with  the  original  culvert  roof  transition.  (During  testing  the  Model  air 
vents  and  culvert  bulkhead  slots  were  filled  with  water  and  aealed  to  prevent 
air  Intrusion  and  relief  of  low  pressures.)  TVi«  adopted  transitions  are  j5  ft 
downstreaa  froa  the  original  position,  four  12-ln.-dlaa  air  vents  were  used,  and 
16-f t-long  steel  culvert  liners  were  Installed  downstreaa  froa  the  filling  v.ilvei 

Tests  wade  with  the  prototype  lock  were  duplicated  In  the  aodel.  Essentially 
good  agreeaent  between  the  two  occurred. 


Unclassified 


PREFACE 


Authority  for  hydraulic  model  lnveatlgat Iona  of  the  Lower  Cranlte 
navigation  lock  waa  granted  by  the  Office,  Chief  of  Englneera,  in  the 
fourth  lndoraement,  dated  8  April  1965,  to  a  requeat  by  the  U.  S.  Army 
Engineer  Dlatrlct,  Walla  Walla.  The  atudlea  were  conducted  at  the  North 
Pacific  Dlvlalon  Hydraulic  Laboratory  during  the  period  October  1966  to 
November  1970  and  In  March  1976. 

During  the  lnveatlgatlona  Meaara.  C.  C.  Rlchardaon  and  J.  D.  McMlchael 
of  the  Walla  Walla  Dlatrlct  and  H.  A.  Smith  of  the  North  Pacific  Dlvlalon 
made  frequent  trlpa  to  the  Laboratory  to  obaerve  flow  condltlona  In  the 
model,  to  dlacuaa  teat  reaulta,  and  to  correlate  the  reaults  with  dealgn 
work  In  progreaa.  Repreaentat lvea  of  the  Office,  Chief  of  Englneera, 
Waterwaya  Experiment  Station,  North  Pacific  Dlvlalon,  and  Walla  Walla 
Dlatrlct  attended  aeveral  conferencea  and  demonatrat Iona  relative  to  the 
navigation  lock.  Dealgn  englneera  of  the  St.  Lawrence  Seaway  Authority 
alao  vial  ted  the  model;  progreaa  reporta  on  the  teat  reaulta  were 
forwarded  to  that  Authority. 

The  model  atudy  waa  conducted  by  Meaara.  R.  L.  Johnaon,  A.  G.  Nlaalla, 
and  G.  D.  Bockaler  and  aupervlaed  by  Meaara.  H.  P.  Theua,  Director,  and 
A.  J.  Chanda,  Chief  of  the  Hydraulica  Branch,  of  the  Hydraulic  Laboratory. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (SI) 

UNITS  OF  MEASUREMENT 

U.  S.  customary  units  of  measurement  uard  in  this  report  can  be  converted 
to  metric  (SI)  units  as  follows: 

_  Multiply _ 

feet 

miles  (U.  S.  statute) 
square  feet 
feet  per  second 
feet  per  minute 
cubic  feet  per  second 
tons  (short) 


io  up La  in 


0.3048 
1.609344 
0.092903 
0. 3048 
0.3048 
0.0283168 
907.185 


meters 

kilometers 

square  awters 

meters  per  second 

meters  per  minute 

cubic  meters  per  second 

kilograms 


\ 
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NAVIGATION  1-OOC  FOR  LOWER  GRANITE  DAM 


SNAKE  RIVER.  WASHINGTON 


Hydraulic  Model  Invest  1  gat lonB 


PART  I:  INTRODUCTION 


The  Prototype 


1.  Lover  Granite  Lock  and  Dam  la  on  the  Snake  River  107.5  miles 


upstream  from  the  confluence  with  the  Columbia  River,  37.2  miles  above 
Little  Goose  Dam,  and  21.8  miles  below  Lewiston,  Idaho,*  Fig.  1  is  a 
vicinity  map  of  the  area.  The  project  was  constructed  by  the  U.  S.  Armv 
Corps  of  Engineers  for  flood  control,  power,  navigation,  and  other  uses. 

2.  Salient  features  of  the  project,  shown  on  plate  1,  Include  the 
splllwav  and  stilling  basin,  powerhouse  and  excavated  tallrace,  navigation 
lock  and  approaches,  facilities  to  collect 
and  pass  migratory  fish  upstream  over  the 

dam.  embankments,  and  concrete  nonoverflow  V'J/-  *•"* 

lock  with  clear  V\? 


sections.  The  navigation 
dimensions  of  86  bv  675  ft  (plate  2)  Is  ’  "3  »  s  • 

designed  for  a  maximum  lift  of  105  ft  from  '  wTi-T" 

h.  * 

mlninum  tallvater  at  elev  633  to  normal  — -  “  . 

ti  IH..I  '  ^ 

pool  at  elev  738.**  Normal  and  minimum  »«: 

,  ..... 

lifts  are  100  and  87  ft.  The  minimum  lift  * 

c  J  o  - 

results  from  lowering  the  pool  6  ft  at  a  c  o  *T*  . 

V  >  I. 

river  discharge  of  300,000  cfs  to  prevent  *  0  * 

overtopping  of  levels  at  Lewiston.  --  J  — 

'  r  w  c  1 1  if  N£V 

Minimum  clearance  over  the  sills  is  15  ft. 

_  .  ^  .  Fig.  1.  Vicinity  map. 

The  submersible  upstream  talnter  gate  has 

an  effective  height  of  23  ft,  and  the  ends  are  recessed  2.5  ft  into  the 
lock  walls  to  protect  the  hoisting  cables  from  Injury  by  passing  vessels 


*  A  table  for  converting  U.  S.  customary  units  of  measurement  to  metric 
(SI)  units  Is  presented  on  page  111. 

**  Elevations  are  In  feet  above  mean  sea  level. 


The  downstream  miter  gate  consists  of  two  112. S-f t-hlgh,  horizontal ly- 
framed,  all-welded  leaves  that  span  92.67  ft  between  abutment  bearings. 

3.  Initial  plans  for  the  lock  Included  a  conventional  split-lateral 
filling  system  with  Intakes  In  the  upstream  guide  walls,  longitudinal 
culverts  and  reverse  talnter  valves  In  the  lock  walls,  and  an  excavated 
outlet  basin  for  each  emptying  culvert.  Plans  for  the  Intakes  and  main 
conduits  were  retained.  However,  a  longitudinal  floor  culvert  system 
similar  In  principle  to  that  for  Hillers  Ferry  Lock*  was  developed  as  an 
Improvement  over  the  split-lateral  system,  and  an  outlet  basin  common  to 
both  emptying  culverts  was  adopted. 

4,  The  new  design,  sometimes  called  a  dynamically  balanced  system, 
admits  water  to  the  center  of  the  lock  chamber  where  It  Is  divided  equally 
to  a  large  number  of  ports  placed  aymetrlcally  on  the  lock  floor.  The 
ports  discharge  simultaneously  to  minimize  turbulence  and  to  obtain 
uniform  distribution  of  flow  In  the  lock  chamber.  At  Lower  Granite  the 
main  culverts  enter  the  center  of  the  lock  chamber  and  are  then  divided 
and  subdivided  Into  eight  smaller  longitudinal  culverts  (plates  2  and  3). 
Flow  In  each  main  culvert  is  divided  by  a  horizontal  splitter  as  It  enters 
the  chamber.  The  top  half  of  the  divided  right  culvert  turns  upstream  on 
the  lock  center  line,  and  the  bottom  half  goes  downstream.  In  the  left 
culvert  the  flow  Is  divided  In  reverse  manner.  Each  set  of  superimposed 
half-culverts  discharges  Into  a  comton  central  chamber  that  Is  separated 
Into  four  smaller  culverts  at  about  the  one-quarter  points  of  the  lock 
chamber.  With  equal  flow  to  the  first  pair  of  ports  In  each  sub-culvert, 
the  first  water  to  enter  the  lock  Is  discharged  In  a  balanced  svnssetrlcal 
pat  tern. 

3.  The  12-ft-wlde  main  culverts  of  the  original  design  Increased  In 
height  from  14  ft  at  the  filling  valves  to  22  ft  In  a  distance  of  76  ft 
downstream  to  provide  satisfactory  pressures  at  the  valves.  Changes  that 
resulted  from  the  model  study  are  described  In  paragraphs  52  and  57.  At 

*  J.  H.  Abies,  Jr.  and  M.  B.  Boyd,  "Filling  and  Ea*>tying  Systems,  Hillers 
Ferry  and  Jones  Bluff  Locks,  Alabams  River,  Alabama;  Hydraulic  Model 
Investigation,”  Technical  Report  No.  2-718,  U.  S.  Army  Engineer  Waterways 
Experiment  Station,  CE,  Vicksburg,  Mississippi  (March  1966). 


the  horizontal  splitters*  each  culvert  became  two  12-  by  10-ft  sections 
that  discharged  Into  a  chamber  that  divided  Into  four  5-  by  12-ft  sub- 
culverts.  Kach  sub-culvert  contained  six  pairs  of  ports.  The  size  of 
ports  was  selected  on  the  basis  that  the  area  of  ports  In  each  sub-culvert 
should  not  exceed  85  to  90  percent  of  the  culvert  area  and  that  the  ratio 
of  total  port  area  to  valve  area  should  be  similar  to  that  at  other  high- 
11ft  locks.  Hallos  of  1.11  to  1.23  have  been  used  successfully  at  Ice 
Harbor,  John  Day,  Lover  Monumental,  and  Little  Goose  txn'ks.  Ninety-six 
ports,  each  2.00  by  2.16  ft  In  size,  were  selected  Initially.  Tills 
provided  a  ratio  of  1.24  and  was  86.5  percent  of  the  sub-culvert  area. 
l_atcr  the  ports  were  rvide  1.25  ft  wide  bv  3.46  ft  high,  but  the  area 
remained  the  same. 

Purpose  _of_  Study 

6.  The  primary  purposes  of  the  model  study  were  to  investigate  the 
hydraulic  characteristics  of  the  proposed  new  design  and  to  develop 
Improvements  If  required.  Specific  Information  was  desired  concerning 
filling  and  emptying  times  for  different  valve  speeds  and  initial  heads, 
direction  and  extent  of  movement  of  free  barge  tows,  hawser  pulls  on 
barges  moored  In  the  lock  chamber,  pressures  in  the  culverts,  and  vortex 
action  at  the  Intake  t.inifoids. 
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PART  II:  THF.  MODEL 


Description 

7.  Portions  of  the  forebsy  and  tal trace  and  all  elements  of  the  lock 
chamber  and  hydraulic  system  were  reproduced  In  a  l:2S-scale  model  (plate 
4).  The  lock  chamber  was  constructed  of  waterproofed  plywood.  The 
Intakes,  main  culverts,  central  distribution  system,  and  bifurcations  to 
the  manifolds  were  made  of  clear  plastic  (photograph  1)  to  obtain 
stability  of  structural  shapes,  approximate  the  correct  surface  roughness, 
and  alien/  observation  of  dye  Injected  into  the  hydraulic  svatern.  The 
eight  longitudinal  culverts  were  made  with  plastic  floors,  cast  plastic 
walls  and  ports,  and  plywood  roofs.  The  outlet  culverts  and  downstream 
outlet  structures  that  reproduced  the  preliminary  design  with  an  outlet  on 
each  side  of  the  lock  were  used  throughout  the  model  studv. 

8.  The  reverse  tainter  valves  were  made  of  plastic  with  aluminum 
structural  members  and  were  fitted  with  rubber  seals  to  prevent  leakage. 
Each  valve  was  connected  by  a  rod  and  bridle  to  a  gear-driven  cam  plate. 
The  gem  drive  for  each  valve  was  powered  by  a  reversible  electric  motor. 
Limit  switches  on  the  cam  plates  automatically  shut  off  the  motors  when 
fully  open  or  closed  valve  positions  were  reached.  Provision  was  made  for 
uniform  and  staggered  operation  of  the  valves  and  for  variable  opening 
time. 


Appurtenances  and  Instrumentation 

9.  Water  was  supplied  to  the  model  through  a  recirculating  system  In 
which  discharges  were  measured  by  means  of  orifice  meters.  The  forebav 
and  tallbav  contained  troughs  that  acted  as  overflow  weirs  to  maintain 
relatively  constant  pool  and  tallwater  elevations  during  filling  and 
emptying.  Vertical  adjustments  of  the  overflow  troughs  permitted 
simulation  of  desired  heads  on  the  hydraulic  system.  Dye  and  confetti 
were  used  to  study  subsurface  and  surface  current  directions. 

10.  Water-surface  elevations  upstream  and  downstream  from  the  lock 


A 


were  measured  by  Bean*  of  electronic  point  Rage*  In  stilling  wells  that 
were  connected  to  piezoaeters  In  the  floor  of  the  aodel  (plate  4). 
Differential  pressure  cells  were  used  to  Measure  variations  between  water- 
surface  elevations  at  opposite  ends  of  the  lock  chaaber.  Pressures 
throughout  the  hydraulic  system  were  Measured  with  piezoaeters  connected 
to  water  aanoaeters.  Flush-Mounted  pressure  cells  were  Installed  In  the 
roof  of  each  culvert  just  downstreaa  from  the  filling  valve.  DurlnR 
pressure  Measurements  the  air  vents  and  the  bulkhead  slots  downstreaa  from 
the  valves  were  filled  with  water  and  sealed  to  prevent  air  entering  the 
culvert*  and  relieving  negative  pressures. 

11.  Hawser  force  data  and  drifts  of  free  barge  tows  were  observed 
with  sheet  artal  barges  that  were  each  40  ft  wide  by  135  ft  long  and 
loaded  to  drafts  of  9  or  14  ft,  which  were  diaplaceaent*  of  1,380  and 
2,225  tons  (plate  5).  longitudinal  and  transverse  hawser  forces  that 
acted  on  barge  tows  during  filling  and  emptying  operations  were  measured 
by  semi-circular  aluminum  links  to  which  SR-4  strain  gages  were  cemented. 
Three  were  used:  one  measured  longitudinal  forces  and  two  measured 
transverse  forces  at  the  ends  of  the  tow.  One  end  of  the  link  was  pin- 
connected  to  the  tow,  and  the  other  end  engaged  a  fixed  vertical  rod  and 
was  free  to  move  up  and  down  as  the  water  rose  or  fell  In  the  lock 
chamber.  Force  link  and  pressure  cell  data  were  recorded  osclllo- 
graphlcally. 


Scale  gelations 

12.  The  accepted  equations  of  hydraulic  similitude  based  on  Froudlan 
relations  were  used  to  express  the  mathematical  relations  between  the 
dimension*  and  hydraulic  quantities  of  the  Model  and  the  prototype, 
funeral  relations  for  transference  of  Mods  1  data  to  prototype  equivalents, 
or  vice  versa,  were  as  follows: 
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Dl— nolon 


Ratio 


Seal*  Relatione 


Length 

m 

L 

1:25 

Area 

m 

Lr2 

1:625 

Velocity 

vr 

m 

L,‘/2 

1:5 

Tlaa 

Tr 

m 

«rl/* 

1:5 

Dlacharga 

Or 

m 

1:3,125 

Weight 

«r 

m 

LrJ 

1:15,625 

Force 

*T 

m 

1:15,625 

PART  III:  TESTS  AND  RESULTS 


Original  Design 

Descript Ion 

1).  The  layout  of  the  plan  A  (original  design)  hydraulic  system  Is 
shown  on  plate  4.  Flow  entered  the  right  filling  culvert  from  Inside  the 
upstream  lock  approach  through  an  intake  manifold  with  four  8-ft-wlde  by 
30-ft-hlgh  openings  that  were  submerged  52  ft  by  minimum  pool  elev  732. 

The  downstream  end  of  the  right  Intake  was  approximately  141  ft  from  the 
upstream  toe  of  the  upper  sill  block.  The  left  Intake,  positioned  to  drsw 
water  from  outside  the  lock  approach  channel,  was  43  ft  upstream  from  the 
sill  block.  Vertical  tiansltlons  downstream  from  the  Intakes  reduced  the 
12-ft-wlde  culverts  to  a  height  of  14  ft,  30.29  ft  upstream  from  the 
trunnions  of  the  filling  valves.  The  valve  inverts  were  41  ft  below 
minimum  tallwater  elev  633. 

14.  Air  vents,  which  were  manifolds  with  transverse  openings  with  an 
area  of  3.9  sq  ft  connected  to  four  vent  pipes  with  an  area  of  3.4  sq  ft, 
were  located  just  downstream  from  the  filling  and  esptylng  valves.  The 
culverts  Increased  in  height  from  14  ft  to  22  ft  In  76  ft  downstream  from 
the  filling  valves  and  140  ft  farther  downstream  lowered  1  ft  through  50- 
ft-long  transitions.  Both  culverts  turned  90  degrees  and  entered  a 
transverse  dividing  section  centered  at  station  764-06.00.  A  2-ft-thlck 
horizontal  partition  centered  at  elev  602  split  the  flow  from  each  culvert 
into  upper  and  lower  portions  that  continued  through  90  degree  bends  and 
transition  sections  Into  eight  5-ft-wlde,  12-ft-hlgh  longitudinal  sub¬ 
culverts  with  walls  and  roofs  2  ft  thick.  Each  of  the  culverts  contained 
six  pairs  of  opposite,  2.0-ft-wlde  by  2.16-ft-hlgh  ports  with  sides  and 
tops  rounded  by  1.0-ft-radlus  curves. 

15.  In  esptylng,  flow  re-entered  the  ports,  passed  back  to  the 
transverse  dividing  section,  and  moved  downstream  through  22-ft-hlgh 
outlet  culverts,  34.9-ft-long  roof  transitions,  14-ft-hlgh  talnter  valves, 
and  12-  by  14- f t  culverts  with  inverts  at  elev  592.  (As  noted  previously, 
the  combined  e^>tylng  system  of  the  adopted  design  was  not  reproduced  In 
the  model;  compare  plates  3  and  4.) 


Hydraulic  Characte rlatica 


16.  Filling  and  Eap tying.  Filling  and  aaptylng  character  1st  lea  vara 
aaaaurad  for  noraal  (two  valvaa)  and  alngla  (laft)  valva  operations  with 
an  Initial  head  of  105  ft  and  valva  opening  tlaaa  of  4.0  aln  (filling)  and 
2.0  aln  (aaptylng).  Tlaes  vara  aaaaurad  froa  tha  lnatant  tha  valvaa  bagan 
to  opan  until  tha  lock  vatar  aurfaca  flrat  equalled  the  forebay  and  tall- 
vatar  lavala.  Filling  curvaa  for  two-  and  one-valve  oparatlona  are  ehovn 
on  plataa  6  and  7.  Tha  aaptylng  curve  for  tvo-valve  operation  la  ehovn  on 
plate  8.  The  average  tlaaa  (of  five  rune)  required  to  fill  the  lock  vara 
12.1  aln  with  two  valvaa  and  17.7  aln  vlth  one  valva.  Tha  lock  aaptlad  In 
12.6  aln  through  both  culverta.  Overtravel  for  noraal  operation  vaa  1.2 
ft;  undertravel  vaa  0.6  ft. 

17.  Flow  Condltlona  and  Hawser  Forcea.  Although  filling  and  aaptylng 
tlaea  ware  aatlafactory ,  flow  Into  the  lock  chaaber  vaa  acre  turbulent 
than  desired  (photograph  2).  Typical  patterns  of  havser  forcea  on  an 
eight-barge  tow  (position  I,  plate  5)  are  shown  on  plates  6  and  7  for 
filling  vlth  an  Initial  head  of  105  ft  and  4.0-aln  valves.  Typical  values 
of  hawser  forces  are  peaks  of  relatively  rapid  load  fluctuations  and  do 
not  represent  a  sustained  force  of  that  aagnltude  against  the  barge  tovs. 
Typical  aaxlaua  forces  In  a  representative  filling  run  and  aaxlaua  forces 


obtained 

runs 

vlth  four- 

and  alght-barge 

tovs  vara  as 

follows : 

Filling 

Valves 

Barge 

Longitudinal 

U/S  Tranavarsa 

D/S  Transverse 

Used 

Position 

U/S 

D/S 

Left 

Right 

Left 

Bight 

Typical  Maxlaua  Havser  Forces  In 

Tons 

Both 

I 

4.8 

5.2 

3.1 

4.4 

3.9 

5.5 

Both 

IV 

10.4 

0.9 

3.5 

4.6 

3.5 

4.5 

Laft 

I 

2.2 

6.3 

7.8 

0.0 

4.9 

0.3 

Maxi  aui 

a  Havser 

Forcea 

in  Tons 

Both 

I 

6.2 

8.0 

5.6 

4.9 

6.2 

5.9 

Both 

IV 

11.7 

3.9 

4.6 

5.2 

4.9 

5.9 

Left 

I 

4.4 

6.3 

7.8 

0.5 

6.4 

0.5 
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Typical  maxima  hawser  forces  during  emptying  were  between  0.4  and  0.6  ton 
(plate  8). 

18.  Drift  of  Free  Barge  Towa.  The  movements  of  an  unmoored  tow  of 
four  barges  in  the  lock  chamber  were  observed  during  normal  filling  with 
an  initial  head  of  105  ft.  The  barges  were  placed  at  position  II,  1TI,  or 
IV  (plate  5)  before  each  test.  Although  the  barges  drifted  as  ouch  as  50 
ft  while  the  lock  filled,  they  always  moved  toward  the  center  of  the  lock 
from  upstream  or  downstream  starting  positions  (plate  9).  Therefore,  a 
free  barge  tow  would  not  harm  the  gates. 

19.  Pressures.  Pressures  in  the  lock  culverts  were  measured  at  the 
piezometer  locations  shown  on  plates  10  and  11.  With  both  culverts  in 
operation,  the  average  minimum  and  instantaneous  minimum  pressures*  on  the 
culvert  roof  downstream  from  the  left  filling  valve  at  piezometer 
(pressure  cell)  L-4  were  15  and  10  ft  of  water,  respectively  (plate  6). 
Average  and  instantaneous  minimum  pressures  of  -10  and  -19  ft  occurred  at 
piezometer  1.-4  when  only  the  left  culvert  was  used  to  fill  the  lock  (plate 
7).  Pressures  downstream  from  the  emptying  valves  were  not  observed 
because  of  the  continuous  aeration  that  existed. 

20.  Pressures  measured  with  steady  flow  through  fully-open  filling 
valves  and  the  maximum  head  of  72.5  ft  that  existed  when  the  valves  first 
became  fully  open  during  filling  operations  with  initial  head  of  105  ft 
are  listed  in  table  A.  During  the  measurements  the  emptying  valves 
remained  closed.  And  the  downstream  gate  was  raised  to  maintain  water- 
surface  elev  665.5  in  the  lock  chamber.  All  pressures  were  satisfactory. 

Development  _of  Final  Design 
Plan  A  Ports  and  baffle  Plans  1  to  111 

21.  The  Jets  from  the  lock  chamber  ports  of  the  original  design  were 
observed  by  dye  injected  into  the  manifolds  and  the  behavior  of  small 
pieces  of  yarn  held  in  the  flow.  Those  observations  indicated  that  the 
Jets  were  incompletely  baffled  by  the  adjacent  walla  becauee  the  Jeta 

*  Defined  on  table  P. 
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turned  slightly  downstream  from  the  direction  of  flow  In  Individual 
culverts  (photograph  3).  The  need  for  baffles  along  the  walls  to  Improve 
the  energy  dissipation  and  reduce  deflection  of  the  Jets  both  downstream 
and  upward  was  Indicated. 

22.  Details  of  the  first  three  baffle  plans  tested  are  shown  on  plate 
12.  In  plan  I  the  A  baffle  was  6  ft  high  and  B  5  ft  high.  All  baffles 
were  2-ft  deep  with  the  Interior  nltches  centered  on  the  ports.  The  5-ft 
wells  were  found  to  be  high  enough  to  contain  the  Jets.  The  plan  II 
baffles  were  similar  to  plan  I  except  that  all  baffles  were  3  ft  high.  In 
plan  III  the  Interior  baffles  were  shifted  2.5  ft  and  the  end  baffles  were 
moved  5  ft  In  the  direction  of  flow  to  Improve  Interception  of  the  Jets. 
Plan  III  also  had  triangular-shaped  roof  extensions  to  reduce  upwelling 
slong  the  vertical  face  of  the  downstream  sill  block. 

23.  Comparison  of  photograph  4  with  photograph  2  shows  that  the  plan 
III  baffles  greatly  reduced  upwelling  and  turbulence  at  the  water  surface 
during  normal  filling  of  the  lock.  Consequently,  the  following  hawser 
forces  obtslned  with  4-»ln  valves  and  Initial  head  of  105  ft  were  much 
lower  than  those  without  the  bsffles  (see  parsgrsph  17). 


Filling 

Valves 

Barge 

Longitudinal 

U/S  Transverse 

D/S  Transverse 

Used 

Position 

U/S 

D/S 

Left 

Right 

Left  Right 

Typical 

Hsxlssim 

Hawser  Forces  In  Tons 

Both 

I 

1.7 

1.2 

1.9 

0.6 

1.3  0.6 

Both 

IV 

2.8 

0.8 

1.5 

1.4 

1.0  1.6 

Left 

I 

1.5 

2.9 

1.8 

0.9 

2.4  0.9 

Maxlsaim  Hawser  Forces  In  Tons 

(Five  Runs) 

Both 

I 

2.1 

1.7 

1.9 

1.7 

1.8  1.0 

Both 

IV 

3.2 

0.9 

2.1 

1.7 

2.1  1.6 

Left 

I 

2.3 

2.9 

2.3 

0.9 

2.4  1.2 

Plan  B  Ports  end  Plsn  III  Baffles 

24.  To  Improve  the  direction  of  the  Jets  from  the  lock  chamber  ports, 
the  2.0-  by  2.16-ft  ports  with  rounded  sides  and  top  wars  changed  to 
1.25-ft-wlde  by  3.46-ft-high  plan  B  ports  with  90  degree  downstream 
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corners.  The  plan  B  ports  were  Installed  In  the  original  manifolds  havlnR 
walls  2  ft  thick.  Preliminary  tests  were  made  with  plan  III  baffles 
(plate  12),  4.0-mln  f 1 lllng  valves,  2.0-min  emptying  valves,  and  an 
Initial  head  of  105  ft.  Filling  time  decreased  from  12.1  to  11.7  min  for 
two  valves  and  from  17.7  to  17.3  min  for  one  valve.  Emptying  time 
decreased  from  12.6  to  12.1  min.  The  following  hawser  forces  were 
obtained  during  filling: 


Filling 

Valves 

Used 

Barge 

Position 

Longitudinal 

U/S  D/S 

U/S  Transverse 

Left  Right 

D/S  Transverse 

Left  Right 

Typical 

Maximum 

Hawser  Forces  In 

Tons 

Both 

I 

2.6 

1.0 

0.6 

1.3 

1.2 

1.3 

Both 

IV 

2.8 

0.8 

0.9 

1.7 

1.5 

1.3 

Left 

I 

2.6 

2.0 

1.6 

1.0 

1.3 

0.5 

Maximum  Hawser  Forces  in  Tons 

(Five 

Runs) 

Both 

I 

3.0 

1.3 

1.6 

1.7 

1.7 

1.3 

Both 

IV 

3.6 

0.9 

1.0 

2.6 

2.0 

1.6 

Left 

I 

3.8 

2.9 

2.6 

1.4 

2.5 

0.7 

25.  The  plan  B  ports  were  more  efficient  than  the  ports  of  original 
design,  and  turbulence  and  up.  lllng  over  the  manifolds  were  increased 
slightly.  Maximum  hawser  forces  were  higher  than  those  with  plan  A  ports 
(paragraph  23).  Studies  made  with  an  unmoored  four-barge  tow  located  in 
the  downstream,  center,  and  upstream  portions  of  the  lock  indicated  that 
the  maximum  drift  of  95  ft  occurred  when  the  barge  tow  was  in  the  down¬ 
stream  position  (plate  13).  Drift  was  44  ft  upstream  from  the  center 
position.  Barges  initially  placed  near  the  gates  moved  toward  the  center 
of  the  lock  where  they  would  not  damage  the  gates. 

Effects  of  Valve  Speed 

26.  A  study  was  made  to  determine  the  effects  of  filling  valve 
opening  times  faster  than  4.0  min  with  plan  I  porta,  plan  111  baffles,  an 
initial  head  of  105  ft,  and  eight-  and  four-barge  tows.  Actual  valve 
times  were  0.55,  1.11,  2.09,  and  4.00  min.  Five  repeat  runs  were  made  for 


••ch  condition.  Praaauraa  on  tha  roof  of  tha  culvart  downatraaa  from  tha 
filling  valva  vara  aaaaurad  with  a  f luah-aountad  praaaura  call  at 
plasoaatar  L-4  (plata  10). 

27.  Surfaca  turbulanca  lncraaaad  a a  valva  tlaa  dacraaaad  (photograph 
5).  Hawaar  forcaa  for  two-valva  oparatlon,  filling  tlaaa,  and  praaauraa 
for  tha  condltlona  taatad  ara  auanarlxad  In  tablaa  B  and  C  and  on  plata  14. 
With  valva  apaada  faatar  than  4.0  aln  during  alngla-valva  oparatlona,  air 
drawn  Into  tha  laft  culvart  through  tha  valva  wall  aruptad  lnalda  tha  lock 
chaabar.  Hawaar  forcaa  wara  not  aaaaurad  whan  that  occurrad.*  Hawaar 
forcaa  ganarally  lncraaaad  gradually  aa  tha  valva  opanlng  tlaa  waa  raducad 
to  1.11  aln  but  lncraaaad  aharply  whan  raducad  to  O.SS  aln.  Hawaar 
forcaa  wara  accaptabla  (laaa  than  5.1  tona)  for  valva  opanlng  tlaaa  of 

*nd  longar.  Tha  aaxlaua  forca  of  8.5  tona  waa  aaaaurad  with  a 
four-barga  tow  and  0.55-aln  valvaa. 

28.  Praaauraa  downatraaa  froa  tha  laft  filling  valva  wara  abova 
ataoaphar lc  for  two-valva  oparatlona  and  for  a  valva  tlaa  of  0.55  aln  whan 
ona  valva  waa  uaad  (tabla  C  and  plata  14).  Tha  lowaat  praaaura  occurrad 
with  tha  2. 09 -aln  valva  apaad  (8  ft  of  watar  for  two-valva  and  -29  ft  for 
alngla-valva  oparatlona). 

Plan  B  Lock  Chaabar.  Plan  C  Porta.  Plan  V  Bafflaa 

29.  Tha  following  atructural  changaa  wara  aada  In  tha  hydraulic 
ayataa:  (a)  tha  vartlcal  upatraaa  faca  of  tha  downatraaa  alll  block  waa 
chan gad  to  a  alopa  of  45  dagraaa;  (b)  1.5-ft  flllata  wara  addad  to  tha 
lnalda  cornara  of  all  culvarta  axcapt  In  tha  valva  walla  and  longitudinal 
aanlfolda;  (c)  tha  thlcknaaa  of  aanlfold  walla  waa  lncraaaad  froa  2  ft  to 
3  ft  (plan  C  porta);  (d)  alopad  roofa  In  curvad  aactlona  of  culvart 
blfurcatlona  wara  allalnatad  and  tha  culvart  lnvart  waa  lowarad  to 


•  Turbulanca  craatad  by  antralnad  air  In  a  nodal  la  not  to  acala.  In  tha 
nodal,  larga  pockata  of  air  ara  ralaaaad  In  tha  lock  chaabar  wtiara  thay 
rapidly  rlaa  to  tha  aurfaca  and  burat  craatlng  turbulanca.  In  tha 
prototypa,  air  antarlng  tha  culvarta  la  antralnad  aa  aaall  bubblaa  In 
tha  high  valoclty  flow.  Upon  ralaaaa  In  tha  lock  chaabar  thay  appaar 
to  hava  a  cushioning  affact  rathar  than  craatlng  a  dlaturbanca. 
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elev  601.0;  and  (e)  Che  floor  between  manifolds  was  lowered  to  elev  596.5. 
In  the  model,  only  the  sloping  sill  block,  3-ft-thlck  manifold  walls,  and 
fillets  In  the  central  culverts  were  added  (plan  B  lock  chamber).  Fillets 
In  other  areas  and  Items  (d)  and  (e)  were  not  revised  because  they  would 
have  little  effect  on  performance  of  the  hydraulic  system  (plate  15). 

30.  Plan  V  baffles  were  developed  for  use  with  the  plan  B  lock  to 
reduce  surface  turbulence  and  free  barge  drift  that  had  occurred  with  plan 
III  baffles.  Respacing  the  dividers  near  the  downstream  ends  of  the 
baffles  (plate  16)  reduced  the  barge  drift,  particularly  with  4.00-min 
valves.  The  maximum  drift  was  38  ft  upstream  from  the  downstream  end  of 
the  lock  chamber  with  two-valve  operation.  With  the  1 . 11-mln-valve 
schedule,  barge  drift  of  85  ft  away  from  the  upstream  gate  occurred  with 
two-valves. 

31.  The  plan  B  lock  chamber  with  plan  C  ports  and  plan  V  baffles  was 
tested  with  1.11-min  and  4.00-mln  valve  opening  flaws,  an  Initial  head  of 
105  ft,  and  eight-  and  four-barge  tow*.  With  4.00-mln  valves,  flow 
conditions  at  the  water  surface  were  excellent  (photograph  6),  and 
although  upwelling  Increased  when  the  valves  were  opened  In  1.11  min, 
turbulence  was  less  than  It  was  with  plan  B  ports  and  plan  111  baffles 
(photograph  5).  Filling  times  of  11.3,  16.9,  9.6,  and  15.2  min  occurred 
with  two  and  one  4.00-  and  1.11-mln  valves,  respectively.  As  shown  below, 
maximum  hawser  forces  on  barge  tows  were  3.7  tons  or  less. 

Filling  _  Maximum  Hawser  Forces  In  Tons  (Five  Runs) 


Filling 

Valves 

Used 


Barge 

Posit  ion 


Longitudinal  U/S  Transverse  D/S  Transverse 


Valves  Opened  In  1.11  Minutes 


I 

3.2 

3.2 

2.7 

IV 

3.7 

2.2 

Valves  Opened  In  4.00  Minutes 

2.1 

I 

2.0 

1.2 

1.3 

IV 

3.0 

2.4 

1.6 

I 

3.4 

1.5 

1.9 

IV 

3.6 

2.1 

1.8 

Pressures  downstream  from  the  left  filling  valve  were  1  to  6  ft  lower  than 
they  were  with  plan  B  ports  and  plan  III  baffles  (table  C). 


Plan  VI  Baffles 

32.  Teata  of  plan  V  baffles  had  Indicated  that  opening  the  filling 
valvea  In  1.11  lnatead  of  4.00  min  would  reduce  filling  times  1.7  aln 
without  caualng  large  lncreaaea  In  hawaer  forcea  or  decreaaea  In  preaaurea 
downstream  from  the  filling  valvea.  The  plan  VI  baffles  were  devlaed  to 
partially  dlaalpate  the  port  Jeta  that  were  reflected  back  to  the  aides  of 
the  aanlfolda  from  the  walla,  central  culverts,  and  tee-baffles  during 
filling  with  l.li-mln  valvea.  Continuous  2-ft-vlde  overhanging  roofa  on 
the  manifolds  restricted  the  discharge  and  caused  horizontal  flow  from  the 
ends  of  the  manifolds.  Overhangs  7  ft  long  with  7-ft  spaces  between  them 
(photograph  7  and  plate  17)  were  selected  as  the  final  design. 

Final  Design 

33.  The  final  design  included  the  plan  A  Intakes,  longitudinal 
culverts,  and  outlets  (plate  4),  plan  B  lock  chamber  (plate  15),  and  plan 
C  ports  with  plan  VI  baffles  (plate  17).  More  than  the  usual  amount  of 
data  were  obtained  to  provide  Information  for  design  of  future  hlgh-llft 
locks.  Tests  were  made  with  filling  valve  opening  times  of  0.55,  1.11, 
2.07,  4.00,  6.40,  and  8.00  min,  1.03-  and  2.00-mln  emptying  valves, 
single-  and  two-valve  operations.  Initial  heads  of  105,  100,  and  87  ft, 
barge  positions  I  to  VII  (plate  5),  and  barge  drafts  of  9  and  14  ft.  Five 
runs  were  made  for  each  test  condition. 

Flow  Conditions 

34.  As  shown  by  dye  patterns  In  photograph  8,  Jets  from  the  plan  C 
ports  were  almost  normal  to  the  manifolds.  The  smooth  water  surface  In 
the  lock  chamber  Indicated  that  turbulence  was  almost  nonexistent  during 
filling  with  both  valves  with  1.11-  or  4.00-mln  valve  times  (photograph 
9).  Comparison  of  photographs  9  and  2  shows  the  improvement  developed. 

35.  The  absence  of  objectionable  currents  In  the  lock  chamber  was 
also  shown  by  drift  studies  made  with  an  unmoored  four-barge  tow  In  three 
starting  positions  (plate  18).  With  two  filling  valvea  In  operation,  the 
maximum  drift  of  51  ft  for  any  barge  position  and  the  maximum  average 
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drift  for  all  positions  occurred  with  s  valve  opening  tine  of  0.55  nin. 
The  amount  of  drift  decreased  as  valve  tine  Increased.  With  one  valve, 
the  greatest  drift  (60  ft)  occurred  with  a  valve  tine  of  1.11  nln.  With 
two  nlnor  exceptions  the  barges  drifted  away  fron  the  gates  when  the 
Initial  positions  were  near  the  ends  of  the  lock. 

Filling  and  Krotvlng  Tines 


36.  FI  11 lng  and 

enptylng  tines 

for  all  heads 

and 

valve  opening  times 

that  were  studied 

were  as  follows: 

Initial 

Valve  Opening 

Head 

Tine 

Two  Valves 

One  Valve 

In  Feet 

In  Minutes 

Filling  Time 

In 

Minutes 

105 

0.55 

9.4 

15.0 

105 

1.11 

9.8 

15.5 

105 

2.07 

10.4 

16.1 

105 

4.00 

11.5 

17.2 

105 

6.40 

12.9 

18.7 

105 

8.00 

13.8 

19.8 

100 

1.11 

9.6 

15.0 

100 

4.00 

11.2 

16.8 

87 

1.11 

9.0 

14.0 

87 

4.00 

10.6 

15.9 

Eaptving  Tine 

In 

Minutes 

105 

1.03 

11.5 

19.8 

105 

2.00 

12.2 

20.6 

100 

1.03 

11.3 

100 

2.00 

12.0 

87 

1.03 

10.6 

87 

2.00 

11.2 

Hates  of  Rise  and 

Overall  Lock  Coefficients 

37.  Filling  and 

eaptylng  curves  for  selected 

valve  opening  tines  and 

the  design  head  of 

105  ft  are  shown 

on  plates  19  to  28.  Maximal  rates  of 

rise  and  discharge  were  determined 

fron  large-scale  plots  of  the  steepest 
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portion  of  each  filling  curve  (table  D) .  The  maximum  discharges  with 
fully  open  valves  were  used  later  to  set  model  Inflows  for  tests  with 
steady  flow  through  the  hydraulic  system.  The  maximum  rates  of  rise  of 
20.5  fpm  with  two  valves  and  13.3  fpm  with  one  valve  occurred  with  the 
0.55-min  valve  time  and  105—  f  t  head. 

38.  Overall  lock  coefficients  based  on  filling  times  for  one-  and 
two-culvert  operation  and  valve  opening  times  between  0.55  and  4.00  min 
were  computed  with  the  following  equation  and  are  listed  in  table  D. 

2Al  (Yir+~d  -  id) 

Cl  iTg  ( T  -  Ktv) 

where  ■  area  of  lock  chamber,  aq  ft 
H  «  initial  head,  ft 
d  »  measured  overtravel,  ft 
Aj.  *  area  of  culverts  at  valves,  sq  ft 
T  ”  filling  time,  sec 
K  •  a  constant 
tv  -  valve  opening  time,  sec 
g  •  acceleration  of  gravity,  ft/sec2 

The  term  T  -  Ktv  Is  the  lock  filling  time  for  the  hypothetical  case  of 
Instantaneous  valve  opening  and  can  be  obtained  directly  from  the  test 

data.  The  coefficients  for  the  suixlmum  head  ranged  from  0.778  (1.11-mln 

valves)  to  0.772  (4.00-mln  valves)  with  two  valve  operations.  The  highest 
coefficient  with  single  valve  operation  was  0.987  (1.11-mln  valve). 

Haws er  Forces 

39.  Lock  filling  times  and  tvplcal  maximum  hawser  forces  are  shown  In 

table  E;  average  forces  and  the  range  of  forces  that  occurred  In  five 

repeat  runs  are  listed  In  tables  F  and  G.  Similar  data  for  the  emptying 
operation  are  listed  In  tables  H  and  1.  Typical  hawser  forces  for 
representative  test  conditions  are  shown  on  plates  19  to  24  for  filling 
and  plates  25  to  28  for  emptying.  As  mentioned  In  paragraph  17,  the 
hawser  forces  shown  on  plates  19  to  28  are  peaks  of  relatively  rapid 


fluctuations  that  do  not  represent  a  sustained  force  of  that  magnitude 
against  the  barge  tows.  Lock  filling  times  and  pressures  at  the  valves 
for  one-  and  two-valve  operations  with  opening  limes  of  0.55  to  8.00  min 
and  Duxlmum  hawser  forces  for  two-valve  operations  and  opening  times  of 
0.55  to  4.00  min  with  four  and  eight  barges  loaded  to  a  draft  of  9  ft  are 
summarized  on  plate  29.  Hawser  forces  for  operation  of  one  filling  valve 
with  opening  times  of  0.55  to  4.00  min  at  an  initial  head  of  105  ft  are 
shown  on  plate  30. 

40.  Normal  two-valve  operations  (maximum  head,  1.11  in  valves)  with 
an  eight-barge  tow  with  9-fi  draft  produced  very  satisfactory  average 
maximum  hawser  forces  of  2.3  tons  during  filling  (table  F) .  Similar 
conditions  with  1.03-min  valves  produced  forces  of  0.5  ton  during  emptying 
(table  I).  With  four  barges  in  the  downstream  end  of  the  lock  chamber 
(position  IV,  plate  5),  the  maximum  forces  in  any  run  were  4.8  tons 
(filling)  and  1.0  ton  (emptying).  Delaying  the  opening  of  a  filling  valve 
30  and  60  sec  caused  only  minor  variations  in  filling  times  and  hawser 
forces  (tables  E,  F,  and  C) ;  therefore,  synchronization  of  the  valves  will 
not  be  required.  However,  an  interlock  or  other  device  should  be 
Installed  to  Insure  that  both  valves  are  in  operation. 

41.  L'se  of  a  filling  valve  opening  time  of  1.11  min  was  recommended 
for  two-valve  operations.  The  filling  tins-  of  9.8  min  for  the  105-ft  head 
was  1.7  ain  less  than  with  4.00-mln  valves.  Maximum  individual  hawser 
forces  for  any  position  of  9-ft-draft  barges  were  less  than  the  design 
maximum  force  of  5  tons.  Although  the  overall  average  of  longitudinal  and 
transverse  forces  was  3.7  tons  or  less,  individual  maximum  longitudinal 
forces  of  6.1  and  7.6  tons  were  measured  when  eight-  and  four-barge  tows, 
respectively,  were  loaded  to  a  draft  of  14  ft. 

42.  Filling  times  and  hawser  forces  Increased  when  a  single  valve  was 
used.  The  overall  average  maximum  hawser  force  increased  from  1.7  to  3.3 
tons  with  a  valve  time  of  1.11  min  and  eight  barges  with  9-ft  draft 
(table  F) .  The  maximum  forces  for  Individual  runs  with  the  same  barges 
were  8.4,  6.6,  anti  3.4  tons  for  valve  times  of  0.55,  1.11,  and  4.00  min, 
respectively.  No  data  were  observed  with  single-valve  operations  and  four 
barge  tows  with  0.55-min  valve  time  or  barge  draft  of  14  ft. 
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4).  hawser  force*  during  emptying  were  always  leas  than  during 
filling.  The  faster  valve  time  of  1.03  min  resulted  In  a  maxi  mum  hawser 
force  of  1 . H  tons  with  single-valve  (left)  operation  and  an  eight-barge 
tow  with  9-ft  draft.  The  maximum  force  with  two  valves  was  1.0  ton  and 
occurred  with  four  barges.  For  similar  conditions  but  with  -.00-mln 
valves,  maximum  hawser  forces  were  1.4  tons  and  1.0  ton,  respectively. 

The  largest  Individual  force  was  3.5  tons  with  a  single  2.00-mln  valve  and 
eight  14-ft-draft  barges. 

Pressures  at  F ljl_l  1  ng  Va  1  ve 

44.  Positive  pressures  exlsteJ  downstream  from  the  left  filling  valve 
for  all  two-valve  operations  (plate  29).  Instantaneous  minimum  pressures 
ranged  from  6  ft  of  water  with  2.07-  and  4.00-min  valves  to  23  ft  when  the 
valves  opened  In  0.55  min.  Average  minimum  pressures  were  sllghtlv 
higher.  The  pressure  graphs  on  plates  19  to  22  show  the  average  of 
pressure  fluctuations  for  tvplcal  test  runs  and  the  Inst antaneous  minimum 
pressures  that  occurred  during  those  runs. 

45.  Ourlng  single-valve  operation  negative  pressures  existed  down¬ 
stream  from  the  valve  (plates  23.  29,  and  31).  With  valve  opening  times 
of  2.07  min  and  faster,  pressures  downstream  from  a  wide-open  valve  were 
so  low  that  air  entered  the  model  culvert  through  the  valve  well.  The 
lowest  pressures,  -19  ft  average  and  -26  ft  Instantaneous,  occurred  when 
the  left  valve  opened  in  2.07  min.  The  0.55-min  valve  opened  so  rapldlv 
that  maximum  velocities  and  minimum  negative  pressures  did  not  occur  until 
after  the  valve  was  fullv  open.  The  duration  of  negative  pressures 
Increased  with  valve  time  (plate  31).  because  of  Its  short  low-pressure 
period,  the  l.ll-min  valve  schedule  appears  more  desirable  for  single- 
valve  operation  of  the  filling  svstem  than  a  longer  period  that  has 
approxl witelv  the  same  minimum  pressures. 

Pressures  Wj  t h  Steady  Flow  Through  Culverts 

46.  Pressures  were  measured  with  steadv  flows  through  the  filling  and 
emptying  culverts  so  that  losses  In  the  hydraulic  svstem  could  be 


drtrralnrd  (or  u«c  In  design  coaput  at  Ions  .  Tlir  prtmiurva  were  obtained 
with  discharges  and  water-surface  elevation*  that  existed  when  the  filling 
or  emptying  valve*  reached  full  opening  during  operation  with  an  Initial 
head  of  105  (t.  Flow  conditions  for  filling  valve  opening  tinea  of  1.11 
and  4.00  min,  raptvlng  valve  opening  1 1  nr  of  1.0)  min,  and  single-  and 
two-valve  operation*  were  reproduced.  (Hiring  filling  teat*,  the  emptying 
valve*  remained  closed,  the  filling  valve  or  valve*  were  fully  open,  and 
flow  was  released  under  the  downstream  lock  gate  to  maintain  desired 
discharge*  and  water-surface  elevations  In  the  lock  chamber.  During 
raptvlng  tests,  the  filling  valves  were  closed,  the  emptying  valve  or 
valves  were  fully  open,  the  upstream  gate  was  removed,  sufficient  water  to 
maintain  desired  lock  wat er -sur f ace  elevations  flowed  over  the  upstream 
sill,  am!  lailwater  was  held  at  elev  6)). 

47.  All  pressures  were  satisfactory  for  the  conditions  studied 
(tablrs  !  to  L,  filling;  tables  V  and  *«,  emptying).  Since  the  model 
culverts  downstream  from  station  7VM0.50  (plcxometer  ring  F,  plate  10) 
differed  from  the  adopted  prototype  design  (plate  3),  energy  grade  line* 

In  the  prototype  emptying  culvert  will  varv  from  those  Indicated  bv  the 
mode  1 . 

Vo r t e x  Action  at  In takes 

48.  The  possibility  of  vortex  formation  over  the  Intake  manifolds 
(plate  ))  was  Investigated  during  normal  filling  operation*  at  Initial 
head*  of  87  and  105  ft  (pool  elev  7)2  and  718,  minimum  and  maximum 
submergences  of  the  lock  Intakes).  Observation*  were  made  with  slngle- 
and  two-valve  operation*  and  almulated  splllwav  flow*  through  two 
adjacent  splllwav  bay*  (plate  4).  The  discharge  capability  of  the  model 
limited  the  adjacent  spillway  flow  to  4,000  cf*  per  bay  when  both  filling 
valves  were  operated.  A  "vortex"  was  defined  as  a  cone  of  swirling  water 
at  least  2  ft  deep  with  a  core  or  filament  that  extended  downward  Into  an 
fntake  port  (observed  with  dv#).  A  "dlople"  was  a  depression  In  the  water 
surface  between  0.5  and  2.0  ft  deep  without  a  filament.  A  "swirl"  was  a 
concentrated  circular  snvemen t  of  the  water  eurface,  and  an  "eddy"  was  a 
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general  circular  Motion  of  the  water. 

49.  Flow  conditions,  type  of  vortex  action,  starting  time,  and 
duration  of  the  asset  noticeable  vortex  action  that  occurred  during  the 
teats  are  listed  In  table  0.  Vortex  phenomena  usually  lasted  from  2  to  1 3 
min  and  ended  when  the  lock  was  within  10  to  20  ft  of  being  full.  Actual 
vortexes  lasted  from  3  to  9  min.  Swirls,  dimples,  and  vortexes  formed 
Intermittently  In  successive  test  runs.  There  was  no  tendency  for 
vortexes  to  form  over  the  right  Intake  because  the  wall  adjacent  to  It  was 
smooth  and  flow  to  It  was  not  affected  by  flow  through  the  spillway.  Flow 
around  the  sharp  vertical  corners  of  the  left  Intake  structure  created 
favorable  conditions  for  vortexes  to  form.  Although  dimples  and  swirls 
existed,  air  entraining  vortexes  occurred  only  when  the  lock  was  filled 
through  the  left  culvert. 

50.  The  intensity  of  maximum  vortex  action  over  the  left  Intake  la 
shown  In  photographs  10  and  11.  Because  submergence  of  the  Intake  was 
reduced,  vortex  action  was  moat  Intense  with  an  Initial  head  of  87  ft. 

The  slower  4.00-mln  valve  schedule  and  the  longer  filling  period  provided 
aa>re  head  on  the  Intakes  during  the  last  portion  of  the  filling  operation 
and  extended  the  duration  of  conditions  under  which  vortexes  were  llkelv 
to  develop.  The  maximum  conditions  (87-ft  head,  left  valve  opened  In 
4.00  min,  4,000  cfs  through  each  of  two  adjacent  spillway  bays)  produced 

a  6-ft-dlam  vortex  with  alr-fllled  cone  4  ft  In  disaster  (photograph  11 
and  table  0). 

51.  Hydraulic  sx>dels  can  predict  the  possibility  of  vortexes  at 
prototype  lock  Intakes  if  the  usual  tranquil  approach  flow  at  these 
structures  Is  reproduced.  The  rock-filled  baffle  that  Is  shown  on  plate 
4  was  used  to  reduce  trubulence  In  the  model  forebay.  However,  the  short 
distance  (12  ft)  between  the  baffle  and  the  intake  might  have  allowed 
minor  disturbances  created  by  flow  through  the  baffle  to  Increase  vortex 
action  over  the  Intake.  Although  available  model  Inflow  did  not  allow 
studies  of  normal  filling  operations  to  be  made  at  an  Initial  head  of  10S 
ft  with  spillway  flows  greater  than  4,000  cfs  per  bay,  the  following  were 
Indicated  by  the  vortex  study: 


20 


a.  Air  entraining  vortexes  are  not  likely  to  occur  during  normal 
filling  of  the  lock  through  both  valves,  if  one  valve  la  uaed 
when  the  spillway  la  closed,  and  if  the  right  valve  and  spill¬ 
way  are  uaed  simultaneously . 

b.  Vortexes  nay  occur  if  the  left  valve  only  is  used  when  the 
initial  head  is  105  ft  and  flow  In  adjacent  bavs  of  the 
spillway  is  more  than  b.OOO  cfs  per  bay. 

c.  Vortexes  will  occur  if  the  left  valve  only  Is  used  when  the 
initial  head  is  87  ft  and  flow  in  adjacent  spillway  bays  is 
slightly  less  than  4,000  cfs  per  bay.  Increasing  the  valve 
opening  tlmr  of  4.00  min  will  Increase  the  duration  and 
intensity  of  vortex  action. 


Re ylji ton  of  F tiling  Culver l  Roo f  Tr ana itl ons 

52.  l.oud  pounding  or  booming  noises  accompanied  by  large  and  rapid 
pressure  reversals  have  occurred  at  the  filling  valves  of  several  high- 
lift  locks  on  the  Columbia  and  Snake  Rivers.  These  noises  are  thought  to 
result  from  the  collapse  of  large  vapor  cavities  that  form  in  the  cores  of 
vortexes  shed  from  the  valve  lips.  The  formation  and  collapse  of  the 
cavities  are  thought  to  be  the  cause  of  the  pressure  changes.  Observat ions 
at  these  projects  have  Indicated  that  the  introduction  of  sufficient  air 
into  the  culverts  prevents  or  cushions  the  collapse  of  the  cavities  and 
eliminates  the  noises  and  large  pressure  reversals.  It  was  thought  that 
this  could  be  acr omp  1 1  shed  at  l,ower  C.ranlte  bv  modifying  the  vertical 
transitions  located  immediately  downstream  from  the  filling  valves  to 
obtain  a  low  average  pressure  of  approximately  -5  ft  of  water  for  the 
design  conditions  of  normal  two-valve  operations  with  1.11-mln  valve 
opening  period  and  an  initial  head  of  105  ft.  Low  average  pressure  is 
defined  as  the  1cm#  point  of  a  line  drawn  through  the  average  of  the 
pressure  fluctuations  measured  bv  a  pressure  cell  and  recorded  osclllo- 
graphical lv . 

53.  As  originally  designed  and  reproduced  in  the  lock  model,  the 
filling  culverts  increased  in  height  from  14  ft  to  22  ft  in  76  ft 
(stations  79*05.00  to  78*28.00,  plate  4).  The  beginning  of  the  transi¬ 
tions  were  1.65  ft  downstream  from  the  downstream  face  of  the  valves.  Low 
average  pressures  of  15  ft  of  water  were  measured  on  the  right  culvert 


roof  at  station  78+99.70  with  a  f lush-mounted  pressure  cell  during  filling 
with  an  Initial  head  of  103  ft  and  1.11-mln  valves  (plate  32).  With  the 
transition  In  the  right  culvert  moved  76  fr  downstream  the  low  average 
pressure  at  station  78+99.70  was  -11  ft.  Increasing  the  valve  opening 
tine  to  A. 00  or  6.40  nln  had  no  significant  effect  on  low  average 
pressures  when  both  valves  were  operated.  Average  pressures  In  the  right 
culvert  were  negative  between  valve  openings  of  4.3  to  9.8  ft,  4.)  to  9.4 
ft,  and  4.0  to  8.4  ft  with  valve  tines  of  1.11,  4.00,  and  6.40  min, 
respectively,  which  indicated  that  air  would  be  drawn  through  the  air 
vents  as  the  valves  opened  through  those  ranges.  The  pressures  were 
measured  with  the  air  vents  closed. 

34.  When  the  air  vents  were  open,  air  was  drawn  Into  the  right 
culvert  with  both  one-  and  two-valve  operations.  Air  was  drawn  Into  the 
left  culvert  having  the  original  design  transition  with  single-valve 
operation  only.  Visual  observations  indicated  that  violent  flow 
conditions  existed  at  the  valves  when  air  first  entered  the  culverts.  The 
mixing  of  air  and  water  was  extremely  turbulent  until  a  pocket  of  air  or  a 
hydraulic  jump  (with  single  valve)  formed. 

35.  Use  of  only  the  right  valve  produced  very  low  Instantaneous 
pressures  of  >44,  -74,  and  -58  ft  of  water  In  that  culvert  with  valve 
opening  times  of  1.11,  4.00,  and  8.40  min,  respectively.  Although 
negative  pressures  of  this  magnitude  are  not  possible  In  the  prototype, 
thev  Indicate  that  cavitation  would  occur  and  that  moving  the  transitions 
76  ft  downstream  was  not  desirable  for  single-valve  operation. 

56.  Tests  made  In  the  right  culvert  with  the  transition  moved  back 
to  station  78+79.70  (25.2)  ft  downstream  from  its  original  position) 
produced  a  low  average  pressure  of  6  ft.  A  line  drawn  through  the 
available  data  points  indicated  that  the  desired  low  average  pressure  of 
-5  ft  should  occur  If  the  transition  were  moved  about  57  f t  downatreasi 
from  the  original  position  to  station  78+48.00. 

57.  With  the  transition  at  station  78+48.00,  the  low  average  pressure 
at  station  78+99.70  was  -6  f t  and  the  instantaneous  minimum  pressure  was 
-10  ft  when  both  filling  valves  opened  in  1.11  min  (table  P).  Single- 
valve  operation  resulted  in  a  low  average  pressure  of  -32  ft  in  the 
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revised  right  culvert  end  -3  In  the  left  culvert  of  original  design.  The 
-6-ft  pressure  use  slightly  lower  then  desired.  To  obtain  a  pressure  of 
-S  ft  the  transitions  should  be  at  station  784-50.00,  55  ft  downstrern  fron 
the  original  position.  With  the  final  location  of  the  valve  trunnions  at 
station  794-27. 13  (noved  1.0  ft  upstrean  fron  the  original  design),  the 
roof  slope  should  begin  at  station  78451.00  (56.67  ft  downstrean  fron  the 
valve)  and  end  at  station  77475.00. 

58.  Although  placing  the  transition  57  ft  Instead  of  76  ft  fron  the 
valve  Increased  nlnlain  pressures  about  5  ft,  pressures  renalnnd  In  the 
range  where  cavitation  would  result  fron  use  of  one  filling  valve.  For 
this  reason,  the  prototype  culverts  were  lined  with  corrosion-resistant 
steel  for  about  16  ft  downstrean  fron  the  filling  valves.  In  addition  to 
two  12-ln.-dlan  sir  vents  In  the  top  of  each  culvert  two  vents  of  the  sane 
site  were  placed  at  elev  598.5  and  elev  603.5  In  each  side  of  the  proto¬ 
type  culverts  to  aerate  flew  off  the  valve  lip.  Provision  was  sttde  to 
neasure  pressures  In  the  prototype  culverts  with  plezoneters  and  pressure 
cells  In  the  culvert  roofs  at  station  78497.79. 

Prototype  Tests 

59.  Tests  nsde  on  the  prototype  lock  to  evaluate  the  per fomance  of 
the  balanced  hydraulic  systen  design  are  discussed  In  Appendix  A. 

Included  are  teats  to  determine  the  effectiveness  of  the  revised  culvert 
transition  presented  above  and  supplemental  model  teats  made  to  duplicate 
the  conditions  of  those  prototype  tests. 
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607.0 

*7.* 

IS 

7  S*gS  .  SO 

607.0 

•6.1 

16 

7S*S J . SO 

607.0 

*8.8 

17 

7S*66.  SO 

607.0 

**.l 

IS 

7  7a  IS.  SO 

607.0 

84.7 

1* 

74*7*. SO 

607.0 

81.1 

70 

7  S**S.  SO 

607.0 

8S.1 

A 

76*0*  .00 

608.0 

88. 8 

» 

76*0*. 00 

s**.o 

107.* 

c 

7S*70.  SO 

608.0 

**.* 

D 

7S*70.  SO 

s**.o 

107.8 

1 

7t+7h.SO 

toi.o 

78.1 

E 

74*7*. SO 

608.0 

78.* 

C 

7  1*6 S.  SO 

608.0 

7*.* 

N 

7 1*6  S .  SO 

60S  .0 

7*.* 

i 

76*41. SO 

608.0 

88.7 

j 

76*41. SO 

S66.0 

101.7 

K 

77*1S. SO 

608.0 

78.* 

L 

77*1S. SO 

608.0 

7* .  S 

H 

76*76. SO 

608.0 

78.0 

■ 

76*7*.  SO 

608.0 

80.1 

TABLE  C 


pbxssubes  dowmstheam  ntrm  left  nixmc  valve 

Lock  Elan*  A  and  B;  Initial  HcaJ  10)  feat 


PL  A*  B  POPT  ELAN  C  PORT 


Valvss 

v«u* 

Muat’ar 

Mtnlaua  f’tfMurn  tn  F»#t  of  Water 

In  *in 

-  -  - - 

kuna 

Avtr«|« 

Instant in*oui 

FUn  A 

A>c  k .  E 1  ar. 

B  Port*.  Elan  1 

11  baffl** 

Both 

o.» 

) 

26 

2) 

loth 

i.u 

1 

12 

9 

froth 

2.06 

5 

10 

a 

Both 

4  .00 

> 

» 

7 

Loft 

0.5) 

2 

14 

10 

Laft 

1.11 

> 

-  * 

-14 

Left 

) 

•21 

-26 

Left 

4.00 

-11 

-22 

Elan  B 

Lock,  flan  f  Forti,  Fltn 

V  Baffle* 

Both 

1.11 

j 

11 

6 

loth 

4.00 

s 

12 

a 

Ur  ft 

1.11 

5 

-12 

-20 

Left 

4.00 

) 

-1) 

•26 

*1TIS:  1.  Detail*  of  lock  plan*  A  and  B  ar*  *hown  on  plat** 

4,  10.  and  1). 

2.  Port  and  t>affl*a  plana  ar*  *hovn  on  plat**  12  and 
16. 

!.  Er***ur**  w*r*  aweaured  with  a  f luah-anunted 

pr*a*ur*  call  at  pl*tow*t*r  L-4  (plat*  10). 


TABLE  C 


MAXIMUM  RATES  or  RISE  AND  OVERA1X  LOCK  COEFFICIENTS 


Plan  B  Lock,  Plan  C  Porta,  Plan  VI  Rafflea  (Pinal  Design) 


Maximum  Rates  of  Rise 


Valve 

One  Valve  Operating 

Both  Valves  Operating  | 

- - 

— 

Tims  In 

Initial  Mead  In  Feet 

Initial  Hand  In  P*#t 

Minutes 

10) 

100 

87 

10) 

100 

87 

1 

Ise  of  L 

ock  Wat 

rr  Surf  a 

ce  In  FI 

>N 

0.)) 

11.) 

— 

— 

20.) 

— 

-- 

1.11 

11.2 

12.6 

11.7 

20. 0l 

19. 13 

18.4* 

2.07 

12.9 

— 

— 

18.6 

— 

— 

4.00 

12.2 

11.6 

10.7 

17.8 

17.1 

1).6 

6.40 

11.) 

— 

— 

1).2 

— 

— 

S.00 

10.8 

— 

14.1 

— 

— 

Overall  Lock  Coef f tc ler tsfc 


Valve 
Time  In 

One  Valve  Operating 

Both  Valves  Operating 

Initial  Head  In  Feet 

Initial  Head  In  Feet 

Minutes 

10) 

100 

87 

10) 

100 

87 

0.)) 

0.982 

me. 

0.772 

— 

— 

1.11 

0.987 

0,49) 

0.997 

0.778 

0.767 

0.761 

2.07 

0.982 

~ 

— 

0.778 

— 

~ 

4.00 

0.976 

0.987 

0.991 

0.772 

0.767 

0.761 

-  No  data  obtained. 

1  Maximum  filling  discharge  20,600  cfs. 
3  Niilsua  filling  discharge  20,600  cfs. 

'  Maxima*  filling  discharge  19,100  cfs. 

2ai.  ( In  *  a  -  iT ) 

*  Coefficient  C(_  •  ■  - - 

Ac  T2«  (T  -  Kte) 

Terms  defined  In  paragraph  M. 


TABLE  0 


s 5 5 5  5555  555  5555555  555555  555555  555  i'nii  itit 


1  I 


mu:«l  um*  •*'  n»M  tuim  ur u  r*  i> 
tu»  •  i— *  r.*.  rt»  »  UM1..  .  aMir 


TA9U!  J 


AVUACC  ntbSlktb  WITH  N T LADY  FLOW  TNlk.iL'UH  FVL1.Y  OFF*  MU  I«C  VALVtS 


Flu  I  Luck,  Flu  C  Furl*.  Flu  VI  tattle*  (Final  De.lgn) 
Fool  tl«v  1 19.0,  Uxk  Water -Sur  face  Cl*v  Ml. 9 


Flaaoaator 

Average 
Fraeauf  a 

In  f*el 

of  Mater 

fl«ioat(«r 

Average 

Flea  aura 

In  feel 
of  Matar 

KuU.r 

$Ut  loo 

El«v«( too 

Nuafcer 

SUI  loo 

(leval Ion 

M|M 

Culvert 

Left 

Culvert 

1 

9I*M.21 

479.0 

11.9 

1 

90*72.10 

490.0 

40.9 

2 

91*91.09 

990.0 

11.9 

2 

74*40.42 

404.0 

11.1 

i 

91*91.09 

410.0 

92.4 

1 

79*99. 70 

404.) 

10. t 

4 

91*91.09 

479.0 

11.9 

1 

79*24.00 

414.0 

77.1 

* 

Sl*4  }  *> 

t;«.o 

*4.8 

* 

7  4*4  4 . 00 

191.0 

74.) 

9 

91*91. 91 

490.0 

10.2 

7 

74*20.00 

17.9 

» 

•1*92.91 

410.0 

90.0 

8 

71*92.00 

409.0 

81.2 

9 

91*91. If 

479.0 

44.2 

9 

71*49.00 

191.0 

102.4 

4 

•l*lf. fl 

479.0 

4*.* 

10 

72*4  5.12 

404.0 

27.0 

10 

91*11.92 

479.0 

10.9 

_ 

11 

91*10. *4 

Mo.O 

4*.  ) 

12 

91*10.94 

410.0 

71.7 

Lock 

’»**9'*r 

1) 

91*49.92 

479.0 

19.9 

M 

91*44.44 

479.0 

41.4 

i 

71*92.00 

194.0 

44.7 

1) 

•1*19. >4 

479.0 

41.9 

2 

71*92.00 

408.0 

49.7 

u 

91* 14.27 

8?8.0 

4*  .  « 

74*20.00 

409.0 

11.9 

i; 

91*19.71 

MO.O 

42.2 

4 

74*20.00 

144.0 

47.0 

19 

91*19.71 

410.0 

f  1 .9 

i 

77*42.12 

147.7 

71.0 

19 

91*19.11 

479.0 

— 

* 

77*42.12 

197.7 

74.2 

10 

•  1*19. 14 

479.0 

14.1 

7 

77*77.71 

404.1 

14.9 

11 

r»*40.42 

*04.0 

*).  ) 

8 

77*79.71 

404.  G 

42.) 

22 

74*04.44 

*04.  V 

40.* 

77*77.71 

407.4 

44.) 

a 

79*01 . 49 

404.  1 

41.0 

10 

77*91.00 

401.1 

17.4 

14 

74*94.70 

404.1 

12.9 

77*99.71 

404.9 

41.7 

2) 

79*41.00 

407.0 

14.  f 

12 

79*24.10 

402.0 

12.4 

24 

’9* 40.00 

*0? .  ) 

*4.8 

11 

79*40.10 

402.0 

42.) 

j; 

’4*91.00 

409.0 

*2 .  * 

14 

79*14.10 

402.0 

70.7 

it 

74*40.00 

412.8 

74.1 

59*49 . 10 

402.0 

71.9 

19 

74*20.00 

409.0 

11.4 

«» 

79*9  2.10 

402.0 

79.4 

» 

74*20.00 

%*4.0 

70. 1 

79*44.10 

402.0 

79.9 

11 

71*42.00 

*04.0 

8). 8 

19 

77*11.10 

402.0 

17.9 

12 

71*42.00 

%44.0 

4*.  2 

If 

74*74.10 

402.0 

11.1 

11 

72*41.24 

199.0 

91.1 

20 

71*91.10 

402.0 

12.2 

M 

72*41.12 

191.0 

40.0 

74*04.00 

409.0 

44.9 

1) 

72*41.12 

404.0 

27.0 

74*04.00 

194.0 

91.7 

M 

71*91.21 

401.0 

29.0 

71*70.  V) 

409.0 

44.9 

A 

90*72.10 

441.0 

**.  7 

71*70.10 

1*4.0 

74.4 

9 

79*40.42 

%44.0 

41.2 

74*74.02 

409.0 

49.9 

C 

74*24.00 

401.0 

99.1 

74*74 .02 

409.0 

10.9 

0 

74*44.00 

401.0 

94.9 

71*91.99 

409.0 

47.2 

t 

74*10.40 

401.0 

99.9 

71*91.99 

409.0 

47.9 

F 

7>»10  10 

*44.0 

4).* 

! 

74*41 .10 

409.0 

44.9 

C 

72*71.10 

199.0 

91.9 

74*41 .10 

1*4.0 

79.1 

1 1 

77*11.99 

409.0 

11.9 

77*11.99 

409.0 

11.2 

79*24.02 

409.0 

47.1 

_ 

U 

79*24.02 

409.0 

49.7 

—  Fleao**t*r  lw|*rillm. 

■Till  1.  Detail*  of  final  taalgn  ar*  alxnai  on  plat**  1)  and  If. 

2.  FI*»on«t*r  local  Iona  ar*  ahovn  on  flat*  IS. 

1.  Lock  nllt-nt far  a  *la*nlloa  oktalnad  fro*  filling  rare*  for 
Initial  leaf  of  10)  ft  and  valv*  I  la*  of  1.11  nln. 

T  MUE  J 


TABU  K 


aiehau  Pitssutes  vi tx  steadt  m*i  mooc*  mm  iva  piluik.  valves 

Plan  B  Lock,  Plan  C  Porta,  Plan  VI  Balflaa  (Pinal  tWalgnl 
Pool  lit;  1)8.0,  Lock  Watar-Surf ac*  Elav  8M.H 


■fear 

St  at  ion 

Blgl 

1 

01*71.21 

a 

a 

0 1  *4) .  0B 

1 

81*61.08 

4 

81*61.08 

» 

81*4).*) 

6 

81*42.41 

» 

81*42.41 

| 

81*41.27 

4 

81*17.72 

10 

81411.42 

11 

81*10. *4 

12 

8  l  *  10 . 44 

U 

81*44.  42 

14 

81*44.44 

l) 

81* )*. )4 

14 

81*14.27 

If 

81*18.71 

11 

81*18.71 

1* 

81*18.11 

81* 14. 14 

;i 

•4*40.42 

74*04. 44 

2) 

74*01.44 

78*49.  70 

21 

78*41.00 

24 

78*40.00 

2  7 

78*81.00 

2$ 

78*40.00 

11 

•4*20.00 

K> 

74*20.00 

11 

71*42.00 

12 

71*42.00 

n 

72*41.24 

14 

72*4  1. 12 

U 

72*4  1.12 

M 

71*41.21 

4 

80*72.10 

B 

74*40.42 

C 

78*24.00 

0 

74*44. 00 

t 

71*10.40 

r 

71*10.10 

c 

72*7).  10 

Elavat Ion 


Average 

Praaaura 
In  Eaat 
of  Water 


rlifoaatai 


Station  Elovatl 


Average 
Praaaura 
In  Paat 
of  Watar 


Laft  (ulvart 


80* 72. 10 

79*40.42 
78.49. 70 
is.:*, oo 

76.44.00 

74.20.00 

71*92.00 

71*68.00 

72*41.12 


Lock 

Chnntser 

•1*92.00 

144.0 

49.1 

71*92.00 

408.0 

44.2 

74. 20.00 

408.0 

71.1 

74*20.00 

194.0 

81.4 

77*42. 12 

597.7 

89.1 

77*42.12 

147.7 

*0.1 

77*77.71 

606 .  1 

47.4 

77*74. 71 

606.  * 

44.7 

77*77.71 

407.4 

44.1 

77*81.00 

401.1 

40.4 

77*44.71 

606.9 

41.7 

78*24.10 

402.0 

77.8 

78*40.10 

402.0 

80.7 

7ft* 54.  SO 

402.0 

96.5 

78*48.10 

402.0 

*0.4 

78*8 2. 10 

402.0 

*2.0 

78*44. 10 

402.0 

42.4 

77*11.10 

402.0 

77.2 

74*74.10 

402.0 

75.1 

?  >.*1.10 

402.0 

71.1 

74*04.00 

408.0 

82.4 

74*04.00 

144.0 

*6.5 

71*70.  V) 

609.0 

82.7 

71*70.10 

144.0 

41.  J 

74*74.02 

408.0 

44.2 

74*74.02 

408.0 

70.1 

71*81.48 

408. 0 

47.4 

71*81.48 

408.0 

48.4 

74*41  .V) 

408.0 

82.0 

74*41 .10 

194.0 

*4.7 

77*11.48 

408.0 

n.i 

77*11.48 

4O8.0 

70.8 

78*24.07 

408.0 

47.4 

78*74.02 

408.0 

48.1 

—  Plarometar  tnoparat  I  a*  . 

BTO:  1. 

2. 

Oatall*  of  final  Baalgn  ara  aHovn  on  platan  11  and 

Plarometar  location*  ar*  aKown  on  plat*  11. 

17. 

TABLE  K 

). 

lock  watar -aurfac*  elevation  obtain**!  from  filling 
Initial  hand  of  101  ft  ami  valr*  tlm*  of  4.0  mtn. 

cur**  for 

r*t«tl*  <*f  MmI  4m|^  art  akawi  m  ||«im  1'  12. 

fl*«*wi»r  at*  i«m»  m  flat*  IV 

Ucl  aa(*f  a«rfara«  «*iala^  fr««  ftllt*4  rarvta  f ***  laldal  two*  af  105  ft 
m4  valat  «!«»•  *f  I  II  Mb  <414  2'  Ml  4.00  •*«  (052.4),  taayaniwlt 


•  lout  C4t**rt 

•1*21.11 

424  0 

41  4 

•  o% 

440  0 

44  4 

•  1*45  04 

410  0 

24  4 

•  1*4%  04 

424  0 

«t  4 

•  1*4)  *4 

4  2*  0 

11  2 

•  1*4.*  44 

400  0 

44  2 

•1*42  44 

410.0 

21  4 

•  1*41  J? 

4>4  0 

40  I 

•i*5?  i: 

424.0 

40  1 

•I* 11.42 

424.0 

41  • 

§1*40  *4 

440  0 

14  4 

•  l*W  *4 

410  0 

44  2 

liMt  4.* 

4*4  0 

24.0 

•  1*44  44 

424.0 

11. • 

§1*14  M 

4  24  0 

Ml 

•l*>4  2? 

424  0 

14.4 

•  ;*»•  24 

400  0 

M  4 

•1*14  24 

4V>  0 

42.2 

•  1*44  |4 

424.0 

— 

•  1*44  44 

424  0 

24  2 

•4*40  42 

4040 

1 2.4 

*  4*04  44 

404  X 

0.  H 

*♦•04  44 

404  ) 

4.  .*• 

24.44  20 

404  1 

1  .  l# 

»**44  PC 

402  0 

t.H 

’•*•0  00 

402  1 

11  5* 

24*44  00 

400  0 

22  0* 

24*40  00 

412  4 

44  4* 

♦4*20  00 

4*20  0 

14  4* 

•0*20  00 

444  0 

24  4 

2W42  OO 

404  0 

11.4 

24H2  00 

444  0 

44  2 

22*41  24 

444  0 

42.1 

’2*4»  12 

44 1  0 

*0.0 

22*44  12 

404  0 

22.0 

21*44.21 

404  0 

2i  .0 

40*22.10 

405  0 

44  0 

’4*40  42 

144  0 

20.4 

24*24  00 

OO)  0 

44.4 

’♦*44  00 

401  0 

V*  0 

2  4*40  40 

401  0 

41.1 

2M10  40 

404  0 

42.2 

22*2|  40 

444  0 

42.1 

TASK  N 


AV**Acr  rttssL’ws  with  steady  now  nnoucx  rxru.r  ora  marr  omn*c  valve 

Elan  I  Lock,  Elan  C  forte,  Elan  VI  iaffloe  (final  Design) 

Lock  Meter-Surf oca  Elev  1M.I,  Tallvater  El av  (11.0 


Etaaonator 

Average 

Eleaonater 

Average 

*jafc«r 

Slat  loo 

novation 

— 

In  feat 
of  Water 

Nuafcet 

St  Ml  loti 

— -  ■— j 

Elevation 

In  font 
of  Motor 

Eight 

Culvert 

Lock 

haabar 

i 

41*71.2) 

474.0 

74.0 

1 

77*42.00 

744.0 

114.1 

2 

41*47.04 

440.0 

77.0 

2 

77*42.00 

404.0 

110.4 

) 

41*47.04 

470.0 

47.0 

1 

74*20.00 

404.0 

41.4 

4 

41*47.04 

474.0 

74.0 

4 

74*20.00 

744.0 

122.) 

i 

41*41.47 

474.0 

74.0 

7 

77*42.12 

747.7 

114.2 

6 

41*42.47 

440.0 

77.0 

4 

77*42.12 

747.7 

114.7 

7 

41*42.47 

470.0 

47.0 

7 

77*77.77 

404.1 

104.1 

( 

41*41.27 

474.0 

74.0 

4 

77*74.77 

404.4 

104.4 

9 

41*77.72 

474.0 

74.0 

4 

77*77.77 

407.4 

101.7 

10 

41*71.42 

474.0 

74.0 

10 

77*47.00 

407.7 

102.4 

11 

41*70.44 

440.0 

77.0 

11 

77*44.77 

404.4 

104.7 

12 

41*70.44 

470.0 

47.0 

12 

74*24.70 

402.0 

111.1 

11 

41*44.42 

474.0 

74.0 

11 

74*40.70 

402.0 

114.4 

14 

41*44.44 

474.0 

'4.0 

»* 

74*74. 70 

402.0 

121.0 

1) 

41*14. )4 

474.0 

74.0 

17 

74*44.70 

402.0 

127.2 

14 

41*14.27 

474.0 

74.0 

14 

74*42.70 

402.0 

121.0 

17 

41*14.77 

440.0 

77.0 

17 

74*44. 70 

402.0 

124.2 

11 

41*14.77 

470.0 

47.0 

14 

77*17.70 

402.0 

114.2 

»» 

41*14.17 

474.0 

— 

14 

74*74.70 

402.0 

114.) 

20 

41*14.74 

474.0 

74.0 

20 

71*47.70 

402.0 

117.0 

21 

74*40.42 

*06.0 

111.0 

A 

74*04.00 

404.0 

77.0 

22 

74*04.44 

404.) 

M.  7 

« 

74*04.00 

744.0 

74.4 

2) 

74*07.44 

404.1 

44.7 

c 

77*70.70 

404.0 

104.7 

24 

74*44.70 

404.7 

44.7 

D 

77*70.70 

744.0 

104.1 

2) 

74*47.00 

407.0 

44.0 

■ 

74*74.02 

404.0 

104.7 

24 

74*40.00 

407.7 

47.7 

r 

74*74.02 

404.0 

104.7 

27 

74*47.00 

404.0 

47.0 

c 

71*47.44 

404.0 

104.4 

24 

74*40.00 

412.4 

42.2 

N 

71*47.44 

404.0 

104.2 

24 

74*20.00 

404.0 

42.2 

i 

74*41.70 

404.0 

44.0 

10 

74*20.00 

744.0 

41.4 

j 

74*41.70 

744.0 

120.4 

U 

’7*42.00 

404.0 

*4.7 

t 

77*17.44 

404.0 

104.2 

)2 

77*42.00 
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TABLE  N 


TABLE  P 


PRESSURES  AT  FILLINC  VALVES 


Roof  Transition  In  Right  Culvert  Moved  57  Peet  Downs tress 
Valve  Tlse  1.11  Kinutea;  Initial  Head  105  Feet 


Valves 

Run 

Pressure  In  Feet  of  Water1  f 

- 1 

Right  Valve 

Left  Valve 

Used 

Ko. 

Avg 

Inst 

Low 

Avg 

Inst 

Low 

Kin 

Min 

Avg 

Kin 

Kin 

Avg 

Both 

1 

-  6.5 

-  7.5 

-  4.5 

13.5 

12.0 

16.0 

2 

-  9.0 

-10.5 

-  7.0 

13.5 

11.0 

15.0 

3 

-  6.5 

-  8.5 

-  5.5 

12.5 

10.0 

15.0 

4 

-  9.5 

-11.5 

-  7.0 

13.0 

11.5 

15.0 

5 

-  7.5 

-10.0 

-  5.5 

13.0 

11.5 

15.0 

Avg 

-  8.0 

-10.0 

-  6.0 

13.0 

11.0 

15.0 

Right 

1 

-37.0 

-42.5 

-34.5 

2 

-33.5 

-37.0 

-30.5 

3 

-36.5 

-38.5 

-33.0 

4 

-34.5 

-37.0 

-31.5 

5 

-36.0 

-39.5 

-33.0 

Avg 

-35.0 

-39.0 

-32.0 

Left 

1 

-  7.5 

-12.5 

-  4.5 

2 

-  5.5 

-  9.5 

-  2.5 

3 

-  5.5 

-  8.5 

-  2.5 

4 

-  6.0 

-  9.0 

-  2.5 

5 

-  8.0 

-12.0 

-  3.0 

Avg 

-  6.0 

-10.0 

-  3.0 

1  Definition  sketch. 


Oscillographic  troce  of  pressure 

.^Average 

Ayer  age  minimum  - Low  average 

*.».  melon  igneous  minimum 


NOTES:  1.  Left  culvert  roof  transition  in  original 

position. 

2.  Pressures  were  Measured  by  Mans  of  flush- 
Mounted  pressure  calls  at  station  76+99.70. 
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Flow  from  ports  In  downstream  half  of  plan  A  lock 
chamber.  Steady  flow,  head  105  ft,  filling  valves 
open  4  ft. 


Photograph  3 


Photograph  6.  Effect  of  valve  opening  schedule  on  maximum  turbulence  over  downstream  manifolds 
In  plan  B  lock  chamber  with  plan  C  ports  and  plan  V  baffles;  Initial  head  105  ft 


Surface  flow  patterns  over  downstream  manifolds  In  plan  B  lock  chamber  with  plan 
C  ports  and  plan  VI  baffles  (final  design);  initial  head  105  ft. 


Photograph  10 


Vortex  formation  over  left  intake. 
Right  filling  valve  closed,  initial 
head  87  ft,  1.11 -min  valve  schedule 
spillway  bavs  1  and  2  passing  4,000 
cfs  per  bav. 


Vortex  format  ion  over  left  intake. 
Right  flllinK  valve  closed,  initial 
head  87  ft,  4.00-min  valve  schedule 
spillwav  havs  1  and  2  passing  4,000 
cfs  per  bav. 


Photograph  11 
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APPENDIX  A 

PROTOTYPE  PERFORMANCE  TESTS 
AND 

SUPPLEMENTAL  MODEL  TESTS 


Central 

1.  Prototype  teats  were  made  at  Lower  Granite  lock  to  evaluate  the 
effectiveness  of  the  revised  filling  culvert  roof  transitions  In  elimi¬ 
nating  the  sonic  disturbances  and  vibrations  that  had  occurred  at  some 
Columbia-Snake  River  locks.  Tests  also  were  made  to  study  the  overall 
performance  of  this  dynamically  balanced  hydraulic  system.  Supplemental 
model  testa  were  made  to  duplicate  the  head  and  filling  valve  opening 
period  of  the  prototype  tests  to  obtain  model -prototype  comparison. 

2.  The  adopted  culvert  roof  transitions  (plate  A-l)  were  located 
56.4  ft  downstream  from  the  top  seals  of  the  filling  valves  and  were  based 
on  obtaining  low  average  pressures  of  -5  ft  of  water  during  two-valve 
filling  operations  at  the  maximum  head  of  105  ft.  Six  air  vents  were 
provided  for  each  valve,  two  leading  to  a  transverse  slot  In  the  roof  and 
two  In  each  wall  to  supply  air  to  the  vicinity  of  the  valve  lip.  The 
tests  were  made  with  a  head  of  99  ft  (forebay  elev  737,  tallwater  elev 
638)  and  valve  opening  time  of  80  sec. 

Prototype  Performance* 

3.  The  prototype  lock  filled  quickly,  smoothly,  and  quietly  with  both 
single-  and  two-valve  operations  without  any  Indication  of  the  "sonic 
booms"  or  accompanying  vibrations  that  occur  at  other  high  lift  locks. 

The  lock  water  surface  was  practically  undisturbed.  While  the  valves  were 


•  Data  obtained  from  paper  by  George  C.  Richardson,  former  Chief, 

Hydraulic  Design  Section,  U.  S.  Army  Engineer  District,  Walla  Walls, 
"Lower  Granite  Lock-Prototype  Performance,"  Volume  II,  3rd  Annual 
Symposium  of  the  Waterways,  Harbors,  and  Coastal  Engineering  Division 
of  American  Society  of  Civil  Engineers  (August  1976). 


being  opened,  air  entering  the  vents  was  audible.  The  air  entrainment 
ceased  before  the  aerated  water  appeared  in  the  lock  chaster.  The 
entrained  air  gradually  disappeared  as  the  lock  filled.  Debris  floating 
on  the  water  surface  slowly  drifted  around  and  gradually  moved  toward  the 
center  of  the  lock  chamber.  Indicating  that  there  waa  no  tendency  for  tows 
to  be  moved  toward  the  lock  gates. 

Tests  were  made  to  determine  the  minlsua  number  of  air  vents 
required  to  maintain  acceptable  negative  pressures  on  the  culvert  roofs 
and  to  preclude  the  formation  of  sonic  disturbances.  The  results  were: 

EFFECT  OF  AIR  VENTS  ON  ROOF  PRESSURES 

downstream  from  filling  valve 


Number 

of 

Vents 

Open 

Two-Valve 

Operation 

Single-Valve  Operation 

Minimum  Pressures 

In  Feet  of 

Water 

Average 

Instantaneous 

Average 

Instantaneous 

6 

-  4 

-  9 

-  4 

-  8 

4 

-  2 

-10 

-  4 

-  8 

2 

-  3 

-  7 

-11 

-12 

1 

-  4 

-  9 

-10 

-13 

0 

-11 

-25 

-14 

-20 

From  the  above,  it  is  apparent  that  venting  la  required  to  ellsrtnate 
unacceptable  negative  pressures  but  that  the  number  of  vents  used  is  not 
critical,  particularly  with  two-valve  operation.  The  average  and 
Instantaneous  negative  pressures  with  single-valve  operation  and  vents 
closed  were  minimised  by  air  that  entered  through  the  valve  shaft  as  the 
valve  became  about  half  open.  Closing  of  vents  did  not  cauae  the  sonic 
disturbances  to  develop.  It  is  possible  that  venting  occurred  through  the 
bulkhead  slots  located  downstream  from  the  valves  and  upstream  from  the 
beginning  of  the  roof  transitions  (plate  3). 

3.  Although  the  aerated  water  surface  in  the  lock  chamber  with 
multiple  vents  In  use  did  not  appear  objectionable.  It  is  possible  that 


I 


the  roughened  surface  might  adversely  affect  small  boat  operation.  There¬ 
fore,  one  vent  supplying  the  transverse  slot  across  the  top  of  each 
culvert  was  selected  for  normal  use.  The  vents  Installed  In  the  side 
walls  to  aerate  the  flow  off  the  valve  lip  were  not  required. 

6.  An  additional  test  was  made  with  reduced  head  on  the  lock  filling 
system.  This  was  accomplished  by  commencing  to  fill  the  lock  with  the 
lock  water  surface  raised  10  ft  to  elev  648.  The  total  head  during  this 
test  was  85  ft,  an  extreme  condition  that  would  only  occur  as  the  river 
discharge  approached  the  standard  project  flood. 

7.  The  additional  10  ft  of  culvert  submergence  and  14  ft  of  head 
reduction  adversely  affected  the  culvert  pressures.  With  both  valves 
operating  and  the  vents  closed,  the  average  minimum  pressure  was  +10  ft, 
the  minimum  Instantaneous  pressure  was  -6  ft,  and  the  "sonic  boom" 
phenomenon  developed.  Opening  a  vent  did  not  produce  any  perceptible  air 
entrainment  or  effect  any  Improvement. 

8.  With  single-valve  operation  and  the  vents  closed,  the  average 
minimum  pressure  fell  to  -20  ft,  and  a  verv  slight  thumping  noise  occurred 
at  40-45  sec.  With  a  vent  open,  the  minimum  average  pressure  was  raised 
to  -9  ft,  air  was  drawn  through  the  vent  for  about  30  sec,  and  the 
thumping  was  eliminated.  The  period  of  venting  was  so  short  that  the 
entrained  air  was  not  visible  on  the  water  surface. 

Model-Prototype  Comparison 

9.  The  prototype  filling  time  for  two-valve  operation  with  a  head  of 
99  ft  was  8.1  min.  The  corresponding  model  time  was  9.7  min.  Single- 
valve  filling  times  were  13.1  min,  prototvpe,  and  16.2  min,  model. 

Emptying  time  with  two  valves  were  9.7  min,  prototype,  and  11.4  min, 
(interpolated)  model.  The  Improved  hydraulic  efficiency  of  the  prototype 
lock,  as  indicated  by  the  reduced  filling  and  emptying  time,  was 
anltclpated.  The  model  hydraulic  avstem  was  constructed  of  acrylic 
plastic,  which  Is  considered  to  be  the  smoothest  workable  material 
available  for  this  purpose.  However,  at  the  model  scale  of  1:25  the 
acrylic  plastic  is  too  rough  to  duplicate  the  smooth  water  passages  of 


the  prototype.  For  economic  reaeons  and  the  eaae  of  operation,  the 
reduced  efficiency  of  l:25-scale  lock  aodels  is  accepted.* 

10.  The  aaxiaua  discharge  in  the  prototype  was  estlaated  to  be 
20,500  cfs,  based  on  the  aaxiaua  rate  of  rise  of  the  lock  water  surface. 
The  aaiina  aodel  discharge  was  19,800  cfs  (Interpolated)  when  filling 
through  both  valves.  With  the  Increased  prototype  discharges,  pressures 
on  the  culvert  roofs  downatreaa  f roe  the  valves  were  lower  than  indicated 
by  the  aodel.  Model  pressures  are  listed  in  table  A-A,  and  coaparlsons  of 
aodel  and  prototype  pressures  for  typical  test  conditions  are  shown  on 
pl*tes  A-2  to  A-5.  While  filling  with  two  valve*  and  the  vents  closed 
(plate  A-2),  the  aodel  and  prototype  pressures  were  slallar  for  the  first 
30  sec.  As  the  valves  continued  to  open,  the  average  prototype  pressures 
dropped  about  11  ft  below  the  aodel  pressures  (0  ft  to  -11  ft).  With  one 
valve  and  the  vents  closed  (plate  A-3),  pressures  were  alaost  Identical 
for  the  first  50  sec  at  which  tlae  the  prototype  flow  becsae  aerated 
through  the  lowered  water  surface  In  the  valve  shaft  while  the  aodel 
pressure  continued  to  drop  to  a  low  of  -20  ft.  In  the  aodel  the  bulkhead 
slots  were  sealed.  With  two  valves  and  the  vents  open  (plate  A-4), 
correlation  was  good  for  the  first  60  sec.  With  one  valve  vented  (plate 
A-5),  correlation  was  again  good  until  the  flow  becaae  aerated  in  both 
aodel  and  prototype  at  about  50  sec.  (l.e.,  open  channel  flow  with 
hydraulic  juap  in  culvert) 

Cone luslons 

11.  The  prototype  testa  verified  the  aodel  predictions  that  Lower 
Cranite  lock  is  of  superior  deslgp,  based  on  the  following: 

a.  Sonic  disturbances  and  accoapanylng  structural  vibrations 
have  been  ellainated. 

b.  The  lock  fills  quickly  and  saoothly  with  either  one  or  both 
valves  operating. 


*  For  acrylic  plastic  to  duplicate  the  'n'  value  of  saooth  concrete,  a 
1: 16-scale  aodel  would  be  required.  At  this  scale,  the  aodel  would  be 
56  percent  larger  and  require  three  tiaes  the  discharge  of  the  1:25- 
scale  aodel. 


c.  On*  air  vent  at  each  valve  eliminate*  low  pressures  without 
causing  objectionable  water  aurfac*  disturbance. 

d.  No  adverse  currents  exist  that  could  force  a  free  tow  Into  a 
lock  gate. 

e.  Compared  to  other  locks  of  similar  lift,  thla  design  offer* 
faater  lockage  tl'wa,  reduced  hawser  forces,  elimination  of 
hazards  caused  by  unsynchronized  filling  valves  or  emergency 
us*  of  a  single  valve,  and  greater  uniformity  of  filling 
conditions. 

12.  Essentially,  good  agreement  exists  between  the  model  and 
prototype  test  results. 
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AVERAGE  PRESSURES  DOWNSTREAM  PROM 
RICHT  PILLING  VALVE  OP  M3DEL 


Pool  Elevation 


Valve 


Opening 


Both  Valvea  Operating 


One  Valve  Operating 


Venta  Closed 


Vente  Cloaed 


Vents  Open 


Average  Pressure  In  Feet  of  Water 


*  Air  In  culvert 

*  Mlnlaun  averag 


PRESSURE  IN  FEET  OF  WATER 


PLATE  A-t 
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|  NOTE  I 

CURVES  ARE  AVERAGE  PRESSURES 
OBTAINEO  WITH  PRESSURE  CELLS. 


VALVE  OPENING 


PHOTOTYPE  STARTS - •> 

SELF  AERATION 
THROUGH  VALVE  SHAFT 
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MINIMUM 
( PROTOTYPE ) 


INSTANTANEOUS 
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(MODEL)  \ 
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NOTE  I 

CURVES  ARE  AVERAGE  PRESSURES 
OBTAINED  WITH  PRESSURE  CELLS 
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VALVE  opening  in  feet 
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